Designing distribution centers is normally formulated as a set covering problem where the primary objective is to minimize the number of connected facilities. However, there are other issues affecting our decision on selecting suitable distribution centers such as weather conditions, temperature, infrastructure facilities, etc. In this paper, we propose a multi-objective set covering technique where different objectives are considered in an integrated model. The objectives are in two parts of quantitative and qualitative. Two methods of analytical hierarchy process (AHP) and TOPSIS are implemented to change the qualitative numbers into quantitative numbers. A utility function is implemented to convert two objectives into a single objective and the resulted model is solved using a regular mixed integer programming. The proposed model of this paper is implemented for a real-world case study of truck-industry and the results are analyzed in different scenarios.
Introduction
The Set covering has been one of the most interesting areas of research among many researchers since there are many real-world applications where this type of problem could be used (Vasko & Wilson, 1984; Francis et al., 1992; Berman et al., 2003; Korsvik et al., 2011) . The issue becomes more interesting when there is more than one single objective in the model. The primary objective of a traditional set covering is to connect different facilities with minimum distances (Church, & ReVelle, 1974; Schilling et al., 1993; Hale & Moberg, 2003) . Such a problem is often formulated as a zero-one programming with some linear constraints. The number of binary variables in the model normally represents the number of alternative facilities which are supposed to be connected. A simple mixed integer programming method can be used to solve the resulted problem formulation whenever there are limited numbers of alternatives involved in the problem, say less than one hundred. However, as the number of alternative increases, the resulted problem becomes hard to solve. One possible alternative is to use the recent advances of heuristic or meta-heuristic approaches to solve this kind of problem (Solar et al., 2002; Aickelin, 2003) . The distance is traditionally a simple parameter involved with many set covering problems which could be considered with uncertainty (Chiang et al., 2005; Araz et al., 2005; Klose & Drexl, 2005; Zyl & Cloete, 2006) . Recently, there have been growing interests in developing classical methods with different objectives which are mostly in conflict. These kinds of problems are often solved using the advances of multiple criteria decision making (Hwang & Yoon, 1981) .There are also cases where different objectives are involved with set covering problem (Boffey & Narula, 1997; Nozick, & Mark, 2001; Zanjirani Farahani & Asgari, 2007) . In fact, there are many cases where an implementation of a classical set covering leads us to have a solution with minimum connections but the selected alternatives cannot be chosen for many managerial reasons such as whether conditions, infrastructure problems, etc. In this paper, we present a multi-objective set covering problem where we have different qualitative and quantitative objectives involved with the proposed problem. The proposed model of this paper uses AHP and TOPSIS to rank the qualitative objectives. A utility function is then used to combine two objectives and the resulted problem is solved using a mixed integer programming. The resulted problem formulation is implemented for a real-world case study of truck-industry and the results are analyzed based on different scenarios. This paper is organized as follows. We first present the problem statement in section 2. The implementation of AHP, TOPSIS and the utility function are given in section 3. The details of the case study for the implementation of the proposed model is presented in section 4. Finally, concluding remarks are given in section 5 to summarize the contribution of the paper.
Problem Statement
Let n be the number of facilities which are supposed to be connected and i x with n i L , 1 = be a binary variable which is one when a facility is chosen and zero, otherwise. Let ki a be a binary parameter which is one when a connection between facility k and i is possible and zero, otherwise. Therefore, a classical set covering is formulated as follows, (1) is a zero-one programming and the optimal solution determines the minimum number of facilities which are supposed to be connected. As we discussed earlier, we may not often choose a facility solely based on the minimum number of connections and there may be other criteria to be considered. Let i c be the qualitative desirability associated with location i. Therefore, we may wish to maximize this objective function along with the first one as follows, (2) is a multi objective decision making (MODM) problem where there are two objectives to be optimized. In order to determine a suitable value for i c we may need to consider various factors such as whether condition, available infrastructures, political issues, etc. Zanjirani Farahani and Asgari, (2007) suggested four important issues as important factors affecting set covering decision making to select a location: 1. Whether conditions which includes temperature, humidity, numbers of sunny and rainy days. 2. National defense which includes internal and external threats, etc. 3. Economic issues which include the availability of human resources, financial institutions, etc. 4. Infrastructures which include the availability of roads, airports, railroad, etc. Among these factors, one may choose the best ones based on the expert's opinions and a Delphi procedure (Hwang & Yoon, 1981) . The next step for quantifying the experts' decitions is to find the relative importance of the qualitative features. This could be done using analytical hierarchy procedure and finally a methodology based on TOPSIS is used to find the overall ranking for different alternatives (Hwang & Yoon, 1981) . The details of the implementation of TOPSIS are discussed in the next section.
As we have explained, the proposed model of this paper is formulated as multi-objective zero-one programming and we need a utility function to handle the objectives into a single objective function so that the resulted model could be directly solved using a direct implementation of mixed integer programming. Suppose we solve problem (2) Therefore, the utility function used in this paper is as follows, Problem (1) can be solved by using (3) as the objective function. Note that the norm used to build the objective function does not change the nature of the classical set covering, i.e. the problem remains linear in terms of variables. Next section, we explain the implementation of the resulted problem formulation for a case study of truck industry.
The optimal solution of model (3) determines the suitable alternatives selected as DCs and the other alternatives are selected as retailers. However, the proposed model does not specify the relationship between the retailers and DCs. Therefore, we use the method proposed by Zanjirani Farahani and Asgari (2007) to handle this problem. They introduce a new form of binary variable called kl y which gets a value one in case retailer k is assigned to distribution center l and it gets zero, otherwise. 
The optimal solution of model (4) determines the relationship between retailers and DCs.
The case study
In this section, we present the details of the case study used to validate the proposed model of this paper. One of the most important problems in supply chain management is to locate suitable distributer centers (DC) to minimize the costs of transportation among various cities in Iran where the case was studied. The truck company studied in this paper attempts to locate some cities as DC and the remaining cities as retailers. The company was estabilished in 2009 and the primary objective of this company is to act as a truck part supplier. In order to find suitable criteria as qualitative attributes, we performed a brain storming discussion among experts. In our survey, we have selected five attributes of cost, accessibility, weather growth potential and economic advantages as the most important attributes. We have also compared them based on AHP procedure and the summary of all pairwise comparisons are summarized in Table 1 . (Likert, 1932) measure from 1 to 9 to show the relative importance of different attributes in pair wise comparisons. For instance, accessibility is much more important than growth potential when we compare these two attributes. Applying the AHP procedure yields the following ranking for all five attributes. As we can see from Table 2 , the second item, Accessibility, is the most important issue on choosing DCs. The cost of building DC comes the second most important item and growth potential, economic advantages and weather condition come after. The next step is to assess the relative importance of these five items for different alternative cities. Again, we have used a Likert scale (Likert, 1932 ) from 1 to 9 representing from the least to the most importance measures. Table 3 summarizes the details of the ranking for all candidate cities.
The next step is to find the relative importance of all these 30 cities. Note that we desire to have the maximum values for all five attributes used in this research. Therefore, the implementation of TOPSIS could help us find measurement with the minimum norm value among all these five attributes. The last column of Table 3 summarizes the relative importance of all 30 cities based on the implementation of TOPSIS method. The ranking numbers are used for i c when model (2) is solved using the second objective function to find . * 2 z Once we gathered all the necessary information used to solve model (2) and (3), we may solve the resulted model using a simple mixed integer software package. We have solved the resulted model using LINGO software. Our implementation solves model (1) in two phases. In the first phase, model (1) Table 4 summarizes the results of our implementation for the case study of this paper. As we can observe from Table 4 , once we assign more values to the second item, we see different patterns for DC allocation which means the qualitative criteria play important role on the set covering decision making problem. Fig. 1 shows the implementation of model (4) for our case study. 
Conclusions
In this paper, we have presented a new multi-objective set covering problem with two types of quantitative and qualitative objective functions. The qualitative objective was quantified using AHP and TOPSIS and they were combined in a unique objective fucntion using a simple 1-norm with two different weights. The proposed model has been implemented to a real-world application of truck industry and the results are analyzed by studying various scenarios. The preliminary results indicate that the new method could provide efficient solutions when qualitative factors play an important role on our decision. As a future research, we could consider uncertainty with the distances between the cities. Such a problem can be formulated in the context of robust optimization. Presently, there is no relationship among distribution centers in the proposed modeling formulation but it is possible to have such a situation for real-world problems. There are also other cases where we already have some active DCs and the problem is to add additional DCs. In this case we face with two scenarios as to whether we keep the old ones as active DC or cancel parts of the old ones and consider the new alternatives.
